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(54) Spherical reactor having a 
plurality of cylindrical reaction 
chambers and method for carry- 
ing out a reaction using said 
spherical reactor 

(57) Disclosed herein is a spherical 
or spheroidal reactor adapted to 
bring a feed gas into contact under 
elevated pressures with a fixed bed 
of a granular catalyst so that the 
feed gas is caused to undergo a 
chemical reaction to obtain a gase- 
ous reaction product. The reactor 
has a spherical or spheroidal and 
pressure-resistant outer shell (3) 
and at least two cylindrical, intercyl- 
inder, truncated conical and/or 
truncated intercone reaction cham- 
bers (31, 32, 33), one inside the 
other, enclosed in the pressure-re- 
sistant outer shell. The reactor may 
carry a cylindrical protrusion. 
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SPECIFICATION 

Spherical reactor having a plurality of cylin- 
drical reaction chambers and method for 
5 carrying out a reactor using said spherical 
reactor 

This invention relates to an improvement in or 
relating to a reactor adapted to cause a feed 

1 0 gas to undergo a chemical reaction under 
elevated pressures and using a fixed bed of a 
granular catalyst so that a gaseous reaction 
product can be obtained. More specifically, 
this invention relates to a reactor having a 

1 5 spherical or substantially spherical (hereinafter 
referred to as "spheroidal") and pressure- 
resistant outer shell. It also relates to a 
method for carrying out a reaction using such 
a spherical or spheroidal reactor. 

20 As have already been put in operation in a 
number of ways led for example by the pro- 
duction of ammonia, methanol and the like, it 
has been routinely carried out to bring a high 
pressure gas into contact with a fixed bed of a 

25 granular catalyst (hereinafter merely called 
"catalyst") at the working temperature of the 
catalyst so that the gas is caused to undergo a 
chemical reaction, thereby obtaining a gase- 
ous reaction product. A huge number of ex- 

30 amples have already been disclosed as reac- 
tors for effecting such a chemical reaction. 
Many of such known reactors are each pro- 
vided, in order to cool down its catalyst and 
gas which have been heated up as a result of 

35 exothermic reaction, with one or more open- 
ings for supplying a feed gas of a low temper- 
ature directly to one or more desired locations 
in a reaction chamber, which is present within 
the same reactor and packed with the catalyst 

40 and may optionally be divided into two or 
more sections, or to a location between div- 
ided reaction chambers; and/or one or more 
heat transfer surfaces adapted to effect an 
indirect heat exchange with the feed gas of 

45 the low temperature or a coolant other than 
the feed gas. 

In such conventional reactors, each reaction 
chamber which is provided within its respec- 
tive reactor and packed with a catalyst for its 

50 use is generally formed into a cylindrical or 
intercylinder shape, principally, from the view- 
points of establishing a uniform passage of a 
gas through the catalyst bed and facilitating 
its fabrication. Incidentally, the term "intercyl- 

55 inder shape" as used herein means a shape 
defined between two cylinders which have 
different diameters and are arranged coaxially, 
in other words, by the outer circumferential 
surface of the inner cylinder and the inner 

60 circumferential surface of the outer cylinder. 
As the flowing direction of a gas through each 
of these reaction chambers, it has been 
known to cause the gas to flow in the axial 
direction of the cylindrical or intercylinder 

65 reaction chamber (i.e., axial flow) or in the 



radial direction of the same reaction chamber 
(i.e., radial flow). Accordingly, a cylindrical 
outer shell provided with lids at both ends 
thereof has been used, in a conventional 

70 reactor, as a pressure-resistant outer shell for 
enclosing a cylindrical or intercylinder reaction 
chamber therein. To the best knowledge of 
the present inventors, no pressure-resistant 
outer shell has ever been proposed other than 

75 such cylindrical pressure-resistant outer shells. 
The principal object of this invention is to 
reduce the wall thickness of a pressure-resis- 
tant outer shell of a reactor so as to lower the 
weight of the reactor; and to make the reactor 

80 shorter so as to shorten the lengths of acces- 
sory pipings, thereby making a support and 
foundation required for the installation of the 
reactor smaller and thus cutting down the 
construction cost of the reactor. 
85 As mentioned above, the present invention 
relates to a reactor having a spherical or 
spheroidal and pressure-resistant outer shell. 
In case the internal volume and internal gas 
pressure are the same, a spherical pressure- 
90 resistant vessel has a smaller surface area and 
permits use of thinner steel material for its 
pressure-resistant outer shell, compared with a 
cylindrical pressure-resistant vessel. For exam- 
ple, in case a spherical pressure-resistant ves- 
95 sel and cylindrical pressure-resistant vessel 
have the same inner diameter and are used at 
the same pressure, the thickness of a steel 
material for the former vessel may be reduced 
to about one half of that of a steel material • 

100 required for the latter vessel. Correspondingly, 
it has been well known that the weight of a 
pressure-resistant outer shell per se may be 
rendered lighter when its shape is changed to 
a spherical one. Making use of this advan- 

105 tage, many spherical pressure-resistant vessels 
are used, for example, as storage tanks for 
liquefied petroleum gas. However, nothing 
has been reported regarding how the internal 
space is utilized when a spherical pressure- 

1 1 0 resistant vessel is used as the outer shell of a 
pressure-resistant reactor. 

The present inventors have carried out an 
investigation on the utilization of the internal 
space of a spherical pressure-resistant outer 

1 1 5 shell as a reactor. As a result, the present 
invention has been completed. 

In one aspect of this invention, there is thus 
provided a reactor adapted to bring a feed gas 
into contact with a fixed bed of a granular 

1 20 catalyst under elevated pressures so that the 
feed gas is caused to undergo a chemical 
reaction and a gaseous reaction product is 
thus obtained, said reactor comprising a pres- 
sure-resistant outer shell and at least two 

125 reaction chambers enclosed within the outer 
shell; the outer shell is either (a) a sphere or a 
spheroid formed of a cylinder having a length 
equal to or shorter than the three quarters of 
its diameter and hemispherical end plates hav- 

1 30 ing the same diameter as the cylinder and 
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provided at both ends of the cylinder or (b) 
another sphere or spheroid having the same 
configurations as the former sphere or spher- 
oid and provided with at least one cylindrical 
5 protrusion which covers a quarter of the over- 
all surface area of the latter sphere or spher- 
oid or less; and the reaction chambers are of 
cylindrical, intercylinder, truncated conical and 
/or truncated intercone shapes and /or shapes 

1 0 defined respectively between parts or the en- 
tire parts of the outer surfaces of the cylindri- 
cal, intercylinder, truncated conical or trun- 
cated intercone shapes and the inner surface 
of the outer shell and having annular cross- 

1 5 sections when taken along planes perpendicu- 
lar to the axes thereof and are arranged in 
such relationship that the reaction chamber 
having a smaller outer diameter is present 
inside the reaction chamber having a greater 

20 inner diameter. 

In another aspect of this invention, there is 
also provided a method for bringing a feed 
gas into contact with a fixed bed of a granular 
catalyst under elevated pressures so that the 

25 feed gas is caused to undergo a chemical 
reaction and a gaseous reaction product is 
thus obtained, which method is characterized 
in that the reaction is proceeded by using the 
above-described reactor and causing the feed 

30 gas to pass successively through at least two 
reaction chambers in the reactor. 

Embodiments of the present invention will 
now be described, by way of example, with 
reference to the accompanying drawings, in 

35 which: — 

Figure 7 is a schematic cross-sectional view 
of each of a cylindrical reactor and spherical 
reactor, illustrating the principle of this inven- 
tion; 

40 Figure 2 is a schematic cross-sectional view 
of one embodiment of the reactor according 
to this invention, in which the spherical outer 
shell is provided with a cylindrical protrusion 
and the spherical shell encloses one cylindri- 

45 cal reaction chamber and two intercylinder 
reaction chambers; 

Figure 3 is a schematic cross-sectional view 
of another embodiment of the reactor accord- 
ing to this invention, in which the outer shell 

50 is formed of a sphere and contains two reac- 
tion chambers, one resembling a frustum of a 
cone and the other having a truncated inter- 
cone shape; 

Figure 4 is a schematic cross-sectional view 

55 of a further embodiment of the reactor accord- 
ing to this invention, in which the outer shell 
is a combination of a sphere and a cylindrical 
protrusion and encloses two reaction cham- 
bers, one being cylindrical and the other sub- 

60 stantially toroidal; 

Figure 5 is a schematic cross-sectional illus- 
tration of a still further embodiment of the 
reactor according to this invention, in which 
the outer shell is made of a sphere and 

65 encloses two intercylinder reaction chambers 



and a feed gas is caused to flow radially 
through the reaction chambers; and 

Figure 6 is a schematic cross-sectional view 
of a still further embodiment of the reactor 

70 according to this invention, in which the outer 
shell is formed of a sphere and contains one 
cylindrical reaction chamber and two intercyl- 
inder reaction chambers, and the reactor is 
provided with external heat exchangers. 

75 The fundamental characteristic of using the 
internal space of a spherical and pressure- 
resistant outer shell as a reactor in accordance 
with this invention resides in the provision of 
at least two reaction chambers in the internal 

80 space, which reaction chambers are individu- 
ally of cylindrical, intercylinder, truncated con- 
ical and/or truncated intercone shapes and/or 
toroidal shapes defined respectively between 
parts or the entire parts of the outer surfaces 

85 of the cylindrical, intercylinder, truncated coni- 
cal or truncated intercone shapes and the 
inner surface of the outer shell. Owing to the 
above fundamental characteristic, the internal 
space of a spherical and pressure-resistant 

90 outer shell can be effectively utilized for a 
reactor and the weight of the reactor can be 
reduced compared with any prior art cylindri- 
cal reactor. The basic features of this inven- 
tion will first be explained with reference to 

95 Fig. 1. 

Fig. 1 is a schematic cross-sectional view 
for comparing the surface areas of a spherical 
outer shell A with that of a cylindrical outer 
shell B which encloses three reaction cham- 

1 00 bers having the same horizontal cross-sec- 
tional area. Letter C indicates a cylindrical 
reaction chamber placed in contact with the 
inner surface of the spherical reactor A and 
adapted to hold a catalyst in a packed state 

105 therein. According to the illustration, the reac- 
tion chamber C is common to both of the 
outer shells. Letter D is an intercylinder reac- 
tion chamber which is placed in contact with 
the inner surface of the spherical reactor A 

1 1 0 outside the reaction chamber C and has the 
same horizontal cross-sectional area as the 
reaction chamber C. Designated at letter U is 
another cylindrical reaction chamber which 
has the same internal volume and horizontal 

1 1 5 cross-sectional area as the reaction chamber D 
and is mounted on the reaction chamber C. 
The internal volume of the reaction chambers 
D and U is smaller than that of the reaction 
chamber C. Letter E is a further intercylinder 

1 20 reaction chamber which is placed in contact 
with the inner surface of the spherical reactor 
A outside the reaction chamber D and has the 
same horizontal cross-sectional area as the 
reaction chambers C and D. Letter E is a 

1 25 further cylindrical reaction chamber which is 
equal in internal volume and horizontal cross- 
sectional area to the reaction chamber E and 
is mounted on the reaction chamber U within 
the cylindrical reactor B. The volume of each 

1 30 of the reaction chambers Eand F is smaller 
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than that of each of the reaction chambers D 
and P. Owing to the above arrangement, the 
spherical reactor A can be packed with a 
catalyst of the same volume as the cylindrical 

5 reactor B. Furthermore, the linear velocity to 
be achieved by a gas passing through each of 
the reaction chambers C, Dand Ewill become 
equal to the linear velocity of a gas passing 
axially through the cylindrical reactor 8 when 

10 a feed gas is caused to flow axially in the 
order of C~*D— >E or E— >D— >C through the 
spherical reactor A. Accordingly, the spherical 
reactor A is equal to the cylindrical reactor B 
in both catalyst volume and pressure loss to 

1 5 be developed upon passage of a gas there- 
through. When one attaches known lids to 
both upper and lower ends of the cylindrical 
reactor B (hemispherical end plates in the 
embodiment illustrated in Fig. 1) and calcu- 

20 lates the surface areas of both reactors by a 
method known per se in the art, it is readily 
understood that the surface area of the spheri- 
cal reactor A is considerably smaller than that 
of the cylindrical reactor B. Assuming that 

25 both reactors are respectively charged with 
high pressure gases of the same pressure, the 
pressure-resistant outer shell of the spherical 
reactor can be mads 10-20% lighter than 
that of the cylindrical reactor or even lighter 

30 even if the additional weight of a below- 
described cooling svstem to be provided be- 
tween the reaction chambers is taken into 
consideration. Such a weight decrease of a 
pressure-resistant outer shell is achieved by 

35 making its wall thickness thinner. The upper 
limit of a large reactor is frequently restricted 
by the maximum thickness of its steel material 
which is produceable. The decrease in re- 
quired wall thickness means that such a limi- 

40 tation can be successfully avoided. 

The above description pertains to the princi- 
ple of this invention. Besides cylindrical or 
intercylinder reaction chambers, it is possible 
to use, in the present invention, reaction 

45 chambers of truncated conical or truncated 
intercone shapes which have never been em- 
ployed in any conventional cylindrical reac- 
tors. Truncated conical and truncated inter- 
cone reaction chambers will be described later 

50 in the patent specification. By the way, the 
reactor according to this invention may be 
used for the practice of two types of chemical 
reactions, i.e., both exothermic and endother- 
mic reactions. Reference to an endothermic 

55 reaction will be made later and the present 
invention will hereinafter be described with 
principal reference to exothermic reactions. It 
should however be noted that there is no 
basic difference betvyeen these two types of 

60 reactions so long as this invention is con- 
cerned and the following description can be 
applied equally to an endothermic reaction by 
reversing the thermal aspects other than the 
preheating of each feed gas, for example, by 

65 reading the cooling in an exothermic reaction 



as the heating in an endothermic reaction. It 
is generally necessary to provide, within the 
interior of a reactor, devices and equipments 
adapted to cool its catalyst or gases, which 
70 have been heated as a result of the reaction, 
to a desired temperature and to preheat its 
feed gas to the working temperature of the 
catalyst, in addition to the above-described 
reaction chambers. As the first method of 
75 cooling down the temperatures of the catalyst 
and hot gas in the interior of a reactor, it is 
possible to supply the feed gas of a low 
temperature directly to one or more desired 
locations within the catalyst bed or, where the 
80 catalyst bed (i.e., the reaction chamber) is 
divided, to the gas flow passage connecting 
an upstream-side catalyst bed and its subse- 
quent downstream-side catalyst bed. As the 
second method for achieving the same objec- 
85 tive, it is feasible to provide a heat transfer 
surface for indirect heat exchange in the cata- 
lyst bed or, in case the catalyst bed is divided, 
in a space between an upstream-side reaction 
chamber and its subsequent downstream-side 
90 reaction chamber so as to subject hot catalyst 
or gas to heat exchange with the feed gas of 
the low temperature. The second method may 
also be effective to preheat the feed gas. In 
addition, as the third method for the same 
95 objective, it is also possible to use, in lieu of 
the feed gas which serves as the low-tempera- 
ture side fluid in the heat exchanger in the 
second method, another cooling fluid, for ex- 
ample, another gaseous medium or a liquid or 

100 mixed-phase fluid consisting of a liquid and its 
vapour, which liquid or mixed-phase fluid has 
reached its boiling point at a given tempera- 
ture under an elevated pressure. The feed gas 
may be preheated in accordance with the 

105 above-mentioned second method or by sub- 
jecting it to indirect heat exchange with a hot 
gas flowing out of the mosl downstream reac- 
tion chamber prior to introducing the feed gas 
into the reactor. In case a pressure-resistant 

1 1 0 outer shell does not encouviter any problems 
or inconvenience in maintaining its strength 
and avoiding its corrosion and embrittlement 
even if the pressure-resistant outer shell is 
heated up to the working temperature of its 

1 1 5 catalyst, it is possible, as a method for pre- 
heating the feed gas, to heat the feed gas in a 
heat exchanger provided outside the reactor 
and then to introduce the feed gas, which has 
been heated to the working temperature of 

1 20 the catalyst, into the reactor. It is however 
necessary to provide the above-described indi- 
rect heat exchanger, which is adapted to 
preheat each feed gas, within a reactor if it is 
required to hold the temperature of the pres- 

1 25 sure-resistant outer shell below the working 
temperature of the catalyst. 

According to this invention, the interior of a 
spherical and pressure-resistant outer shell is 
utilized as a space for enclosing reaction 

1 30 chambers as well as functional equipments for 
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the cooling of a catalyst and gas and the 
preheating of a feed gas as described above. 
The volume required for the installation of 
each of these equipments varies to a consider- 
5 able extent depending on the kind of a reac- 
tion which takes place in the reaction cham- 
bers, the type of a catalyst used, the heat 
quantity generated upon occurrence of the 
reaction, reaction temperature, reaction pres- 

1 0 sure and other reaction parameters. Therefore, 
the present invention can bring out, besides 
the above-described weight and wall thickness 
reduction of each reactor, many other merits. 
Among such merits, those common to many 

1 5 of embodiments of this invention will first be 
described. 

The advantageous features of this invention 
can not be clearly exhibited generally in reac- 
tions employing a reaction pressure of 5 

20 kg/cm 2 or lower (in terms of gauge pressure; 
all designations of kg/cm 2 , which will follow, 
refer to kg/cm 2 G unless specified otherwise), 
because there is no substantial difference be- 
tween the weight of a steel material required 

25 for the pressure-resistant outer shell of a 
spherical reactor according to this invention 
and that of a cylindrical reactor using the 
same amount of a catalyst as the spherical 
reactor. The advantages of this invention be- 

30 come clearer at reaction pressures of 1 0 
kg/cm 2 and higher, and particularly, at reac- 
tion pressures of 30 kg/cm 2 and higher. With 
respect to reaction chambers, substantially 
similar to cylindrical reactors, it is preferable 

35 to use cylindrical and/or intercylinder reaction 
chambers for the spherical reactor according 
to this invention so that a gas is allowed to 
pass through each reaction chamber uniformly 
in a cross-section perpendicular to the flowing 

40 direction of the gas and the effective utiliza- 
tion rate of the catalyst can be increased. 
However, in case only a single cylindrical or 
intercylinder reaction chamber is provided in a 
spherical reactor, there remains a large inter- 

45 nal space other than the reaction chamber. 
Even if the equipment for cooling the catalyst 
and gas and the equipment for preheating the 
feed gas are enclosed in the internal space, 
the spherical reactor still has a surplus space 

50 therein and the advantages of the spherical 
reactor are not brought about. Accordingly, it 
is indispensible to provide at least two cylin- 
drical or intercylinder reaction chambers in 
order to make an effective use of the internal 

55 space of each spherical reactor. Different from 
cylinder reactors, it is readily possible, for the 
effective utilization of the internal space of 
each spherical reactor, to employ, besides 
cylindrical and intercylinder reaction cham- 

60 bers, truncated conical reaction chambers, 
truncated intercone reaction chambers, as well 
as to use as reaction chambers substantially 
toroidal spaces formed between parts or the 
entire parts of the outer surfaces of such 
65 cylindrical, intercylinder, truncated conical and 



truncated intercone shapes and a part of the 
inner surface of its pressure-resistant outer 
shell. Use of reaction chambers of such vari- 
ous configurations is in fact advantageous. 

70 This is apparent from the fact that a spherical 
reactor is short and thick. Therefore, the term 
"at least two reaction chambers" as used 
herein embraces reaction chambers other than 
cylindrical or intercylinder reaction chambers 

75 as described above. Merits of these reaction 
chambers other than cylindrical or intercylin- 
der reaction chambers will be described with 
reference to their specific embodiments. It is 
also important for the effective utilization of 

80 the internal space of eech spherical reactor to 
arrange these two or more reaction chambers 
of the above-described shapes in such a way 
that they share the common axis, in other 
words, they are coaxial and the reaction 

85 chamber having a smaller outer diameter is 
placed inside the reaction chamber having a 
greater inner diameter. 

The first structural merit of a spherical reac- 
tor having such a structure as described above 

90 is that the wall thickness and weight of its 
outer shell can be reduced compared with a 
cylindrical reactor having the same catalyst 
packing volume. The reasons for the first 
structural merit have already been described 

95 above. The second structural merit of the 
spherical reactor is that connector openings, 
which are adapted to charge or discharge a 
gas, a cooling medium or catalyst, can be 
formed with ease at desired locations in the 
1 00 spherical surface of the spherical and pres- 
sure-resistant outer shell. It is of course pos- 
sible to provide a space for charging or dis- 
charging a gas or cooling medium at a loca- 
tion remote from both end plates of a conven- 
1 05 tional reactor having an elongated cylindrical 
shape. However, this requires a pressure-resis- 
tant outer shell having a considerably elon- 
gated length. Particularly in case an inner 
cylinder is required as a reaction chamber, a 

110 substantial thermal expansion or contraction 
difference occurs between the outer shell and 
the inner cylinder due to temperature differ- 
ence developed during each operation. There- 
fore, it makes the overall structure complex 

1 1 5 and is thus impractical to provide tubes 

through both circumferential wall of the cylin- 
drical and pressure-resistant outer shell and 
circumferential wall of the inner cylinder for 
charging or discharging gas and cooling me- 

120 dium. Contrary to the conventional cylindrical 
reactor, the spherical reactor according to this 
invention makes use of the toroidal space 
formed within the reactor by a division wall 
and the inner spherical surface of the pres- 

125 sure-resistant outer shell and permits to pro- 
vide tubes for charging or discharging a gas, 
cooling medium and the like as bent tubes or 
coils extending along the inner surface of the 
pressure-resistant outer shell. This permits to 

1 30 make the structure simpler and avoids devel- 



5 



GB2110105A 



5 



opment of large thermal stresses due to the 
thermal expansion of the reactor. Further- 
more, the provision of the above-described 
toroidal space is convenient or advantageous 
5 for the fabrication of a large reactor, because 
it is wide enough to permit workers to work 
therein. 

In the above description of the principle of 
the present invention which description was 

1 0 made with reference to Fig. 1 , a circumferen- 
tial wall of a reaction chamber is disposed in 
contact with its adjacent circumferential wall 
of another reaction chamber in order to make 
the description simpler. It is certainly desirous 

1 5 to dispose reaction chambers in such a way as 
their circumferential walls are partly or mostly 
kept in mutual contact as shown in Fig. 1, 
since such an arrangement of reaction cham- 
bers permits to use more space in the spheri- 

20 cal reactor as reaction chambers. However, it 
becomes necessary to provide a space for the 
installation of such a cooling system as de- 
scribed above within each reactor irrespective 
of the shape of the reactor, in case a large 

25 heat quantity is produced in the course of a 
reaction which takes place in its reaction 
chamber, the catalyst packed within the reac- 
tion chamber has low resistance to heat and 
its capacity is lowered by any excessive tem- 

30 perature increase, or raised gas and catalyst 
temperatures adversely affect on the progress 
of the reaction in view of its chemical equali- 
brium. When forming a space in a conven- 
tional cylindrical reactor to provide the above- 

35 described cooling system, namely, a feed line 
of a low temperature feed gas to a reaction 
chamber or to a gas flow passage between 
two adjacent reaction chambers or a tubular 
heat transfer surface for subjecting a high 

40 temperature gas to indirect heat exchange 
with the low temperature feed gas, without 
changing the amount of its catalyst, it be- 
comes necessary to increase the diameter or 
length of the cylindrical reactor. On the other 

45 hand, in a spherical reactor having two or 
more reaction chambers, a toroidal space is 
left between the reaction chamber and the 
outer shell of the spherical reactor. The thus- 
left space can be used directly as a flow 

50 passage for a reaction gas or as an installation 
space for tubes adapted to cause the reaction 
gas, feed gas and cooling medium to pass 
therethrough, thereby increasing the utiliza- 
tion rate of the internal space without increas- 

55 ing the internal volume of the spherical reac- 
tor. 

As apparent from the above description, it 
is unnecessary for the spherical reactor ac- 
cording to this invention to have an exactly 

60 spherical configuration in order to bring about 
the merits of this invention. The merits of this 
invention can still be obtained by reactors 
which have configurations similar to a sphere. 
Even if a part of a spherical outer shell is 

65 protruded outwardly, the merits of this inven- 



tion are not adversely affected so long as the 
protrusion is cylindrical and the diameter of 
the cylindrical protrusion is relatively small 
compared with the diameter of the spherical 
70 outer shell. For instance, according to a result 
obtained by the present inventors with respect 
to a spherical outer shell provided with one or 
more cylindrical protrusions, the internal 
spaces of which protrusions are in communi- 
75 cation with the internal space of the spherical 
outer shell, it has been found that substan- 
tially the same merits as a spherical reactor 
having no protrusion may be brought about 
even by a spherical reactor in which the 
80 surface area of the part — presenting a spheri- 
cal surface with the joining part between the 
cylindrical protrusion and the spherical outer 
shell as its boundary — accounts for at least 
three quarters of the entire surface area of the 
85 same spherical outer shell without the cylindri- 
cal protrusion. In this case, the above-de- 
scribed merits can be substantially brought 
about even by a spherical reactor having a 
considerably long cylindrical protrusion, com- 
90 pared with a cylindrical reactor having the 
same internal space as the spherical outer 
shell of the spherical reactor. It is not neces- 
sary to limit the number of these cylindrical 
protrusions to only one but it is feasible to 
95 provide many small protrusions at desired 
locations on the surface of a spherical outer 
shell. As another example of reactors which 
example can also bring about the merits of 
this invention but does not present exactly 

1 00 spherical surface, may be mentioned a spher- 
oidal reactor formed of a cylinder having a 
length not longer that the three quarters of its 
diameter and hemispherical end plates having 
the same diameter as the cylinder and pro- 

105 vided at both ends of the cylinder. This spher- 
oidal reactor is of a preferred shape as will be 
described later, when a large heat quantity is 
produced by the reaction, the gas is caused to 
flow at a high velocity through the reaction 

110 chamber and the provision of a wide heat 
transfer area is required for indirect cooling in 
the reaction chamber. In the above-described 
spheroidal reactor, the provision of one or 
more cylindrical protrusions does not hamper 

1 1 5 the achievement of the merits of this inven- 
tion, similar to the spherical reactor. In the 
following description, the above-described 
spherical and spheroidal reactors will be called 
merely "spherical reactors" irrespective of the 

1 20 presence and the absence of cylindrical pro- 
trusions. Here, although it is preferable in 
many instances to arrange the common axis 
of each reaction chamber of a reactor in a 
vertical direction as shown in Fig. 1 for the 

1 25 assembly and the maintenance and inspection 
of the reactor, no functional problem or incon- 
venience will arise even if the common axis 
extends horizontally or aslant because the raw 
materials and reaction product are both gase- 

1 30 ous. 
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Next, the operation of the spherical reactor 
according to this invention will be described, 
it is possible to provide, within the interior of 
the reactor of this invention, two or more 

5 reaction chambers having the same cross- 
sectional shape when seen along a plane 
perpendicular to the flowing direction of a gas 
and the same length along the flowing direc- 
tion of the gas. When such two or more 

1 0 reaction chambers are packed with the same 
catalyst, a feed gas can be passed parallely 
through the two or more reaction chambers. 
However, such a parallel passage of a feed 
gas has a potential danger that the flow rate 

1 5 of the feed gas through one reaction chamber 
may not be equalized to that of the feed gas 
passing through another reaction chamber 
and the channelling phenomenon thus occurs. 
The danger of the channelling phenomenon 

20 becomes greater when the feed gas is caused 
to flow parallelly through reaction chambers 
having different cross-sectional shapes or dif- 
ferent lengths. In order to avoid the channell- 
ing phenomenon, it is necessary to add cer- 

25 tain means to each reaction chamber so as to 
maintain the same gas flow rate through the 
reaction chamber. On the other hand, the 
internal space of a spherical reactor may not 
be most effectively utilized by providing two 

30 or more reaction chambers having the same 
cross-sectional shape when seen along a plane 
perpendicular to the flowing direction of a gas 
and the same length in the flowing direction 
of the gas within the spherical reactor. For 

35 these reasons, it is most desirous to use the 
reactor according to this invention by causing 
a feed gas to pass successively through at 
least two reaction chambers provided within 
the spherical reactor. By causing the feed gas 

40 to pass successively through the reaction 
chambers as mentioned above, it becomes 
possible to pack a large amount of a catalyst 
within the spherical reactor, to effectively uti- 
lize the catalyst, and to increase the effective 

45 utilization rate of the internal space of the 
spherical reactor. The first merit, which can be 
obtained by causing a feed gas to flow suc- 
cessively through two or more reaction cham- 
bers, resides in that it becomes easier to avoid 

50 the overheating of a catalyst packed at the 
upstream side relative to the flow of the feed 
gas (particularly at the most upstream side). 
Namely, it is necessary to bring a feed gas, 
which has been preheated to the working 

55 temperature of a catalyst, into contact first of 
all with the catalyst packed at the most up- 
stream side in order to make effective use of 
the catalyst. At the most upstream side, the 
feed gas does not contain the reaction product 

60 at all or contains only little reaction product. 
Accordingly, a violent reaction takes place in 
the catalyst bed packed at the most upstream 
side, resulting in abrupt increases of both gas 
and catalyst temperatures. It has been well 

65 known that such an excessive increase of the 



catalyst temperatures gives such deleterious 
effects as lowered catalytic activity and more 
occurrence of undesired by-products to many 
catalysts. These problems may be easily 

70 solved by using at the upstream side a reac- 
tion chamber having a smaller cross-sectional 
area when seen along a plane perpendicular 
to the flowing direction of the gas and a 
shorter length so as to maintain a high gas 

75 flow velocity in the reaction chamber and to 
control the reaction velocity and the develop- 
ment of too much reaction heat; and by 
cooling a gas leaving from the reaction cham- 
ber by any of the above-described cooling 

80 means. If the gas is then caused to pass at a 
lower velocity through one or more subse- 
quent reaction chambers having greater cross- 
sectional areas as the concentration of the 
reaction product in the gas becomes higher, 

85 the reaction product can be obtained in ex- 
actly the same manner as in a conventional 
cylindrical reactor. At the same time, it is 
possible to obtain such an additional effect 
that the service life of the catalyst can be 

90 prolonged or the occurrence of by-products 
can be reduced. If one wants to obtain the 
above-described effects in a conventional 
cylindrical reactor, it is indispensable to in- 
crease the internal volume of the reactor. 

95 The second merit, which can be brought 
about by passing a gas successively through 
reaction chambers in accordance with this 
invention, is concerned with the above-de- 
scribed second structural merit of this inven- 

100 tion. Namely, it is relatively easy to draw a 
high-temperature gas, which has once passed 
through a bed of a catalyst, out of the pres- 
sure-resistant outer shell by means of a tube 
and then to introduce the gas again into the 

1 05 pressure-resistant outer shell from another lo- 
cation on the surface of the pressure-resistant 
outer shell. This merit is particularly of value 
where the feed gas contains a trace amount of 
a substance which is poisonous to the cata- 

110 lyst. In this case, it is possible to provide in 
the spherical reactor a reaction chamber 
which is completely isolated from other reac- 
tion chambers. This additional reaction cham- 
ber is used as the most upstream-side reaction 

1 1 5 chamber. Thus, the catalyst packed in this 
reaction chamber absorbs the catalyst poison 
and its activity is deteriorated. However, all 
the catalysts in the downstream-side reaction 
chambers are protected from the poisonous 

1 20 substance. Thus, the additional reaction cham- 
ber can be utilized to prolong the average 
service life of the entire catalysts without need 
for replacing the catalysts packed in the 
downstream-side reaction chambers provided 

125 that the catalyst in the most upstream-side 
reaction chamber is replaced by a fresh one. 
Furthermore, the second merit permits to suc- 
cessively carry out two or more chemical 
reactions, which use different catalysts, in a 

1 30 single reactor. A specific example pertaining 
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to this feature will be described later in this 
specification. 

In the spherical reactor according to this 
invention, a gas may be passed in either axial 
5 direction or radial direction through its reac- 
tion chambers. When passing the gas in the 
axial direction, the gas may be passed from 
the top to the bottom and from the right to 
the left or in the opposite directions. On the 

1 0 other hand, when the gas is passed in the 
radial direction, it is passed from the inside to 
the outside or vice versa. In addition, it is still 
possible to use the axial flow and radial flow 
in combination, respectively, for different reac- 

1 5 tion chambers as desired, for example, by 
passing the gas in the axial direction through 
at least one of two or more reaction chambers 
and in the radial direction through the remain- 
ing reaction chambers. 

20 As described above, the internal space of 
the spherical reactor according to this inven- 
tion is utilized as reaction chambers, gas flow 
passages, space for mixing a high temperature 
gas with a low temperature feed gas, installa- 

25 tion space for a heat transfer surface to effect 
indirect heat exchange, and the like. Design- 
ing requirements for these built-in equipments 
may vary in accordance with a variety of 
parameters including the type of a reaction 

30 which the feed gas undergoes, reaction condi- 
tions such as temperature and pressure, type 
of catalyst, supply rate of the feed gas and the 
way of removing the reaction heat. Thus, 
countless embodiments may be contemplated 

35 by combining these requirements and para- 
meters in various ways. Several examples of 
these embodiments will hereinafter be de- 
scribed specifically with reference to the ac- 
companying drawings. It should be borne in 

40 mind however that the scope of the present 
invention is not limited by the following em- 
bodiments which are given by way of exam- 
ple. 

In Fig. 2, three reaction chambers 31, 32, 

45 33, which are of either intercylinder or cylin- 
drical shape and packed with a catalyst, are 
arranged coaxially and vertically. A cylindrical 
protrusion is provided in an upper part of the 
reactor, which protrusion encloses a shell-and- 

50 tube heat exchanger for preheating the feed 
gas. The reactor is adapted to carry out an 
exothermic reaction. The feed gas, which has 
not been preheated to any sufficient extent, is 
introduced through a pipe 1 and from the 

55 lowermost part of a pressure-resistant outer 
shell 3 into the reactor. It then travels through 
a space 1 1 which is in contact with the inner 
surface of the spherical wall of the pressure- 
resistant outer shell 3. Thereafter, the feed 

60 gas passes via a space, which is in contact 
with the inner surface of the cylindrical pro- 
trustion of the pressure-resistant outer shell 3, 
and reaches an upper space 1 2 of a heat 
exchanger 4. Owing to the flow path of the 

65 feed gas, the pressure-resistant outer shell is 



maintained at low temperatures. The feed gas 
then passes through a number of tubes of the 
heat exchanger 4 and is subjected to indirect 
heat exchange with a reaction gas mixture of 
70 a high temperature, which has left the reac- 
tion chamber 33. After preheating to a de- 
sired temperature, the feed gas then reaches a 
space 1 3. The feed gas further travels 
through the internal space of a tube 14 and 
75 enters the reaction chamber 31 , where a part 
of the feed gas undergoes a chemical reaction 
and the temperature of the resultant gas mix- 
ture is raised due to reaction heat. This reac- 
tion chamber 31 is of an intercylinder shape 
80 with its axis passing vertically through the 
centre of the spherical outer shell. The high 
temperature gas mixture, which has been sub- 
jected partly to the reaction in the reaction 
chamber 31 , enters a space 1 5 and then 
85 passes through an intercylinder space formed 
subsequent to the space 1 5 and defined by 
the reaction chambers 31 and 32. While 
passing through both of the space 1 5 and 
intercylinder space, the high temperature gas 

. 90 mixture is brought into contact with cooling 
tubes 63, through which a cooling medium is 
flowing, and cooled to a predetermined tem- 
perature. The thus-cooled gas mixture there- 
after reaches a space 1 7. Then, the gas 
95 mixture enters the reaction chamber 32 and 
the reaction of the feed gas further proceeds, 
thereby raising the temperature of the result- 
ing gas mixture. The gas mixture then reaches 
a space 1 9. The reaction chamber 32 is an 

1 00 intercylinder reaction chamber having a verti- 
cal axis which passes through the centre of 
the spherical outer shell. The reaction cham- 
ber 32 is coaxial with the reaction chamber 
31 . Its inner diameter is smaller than that of 

105 the reaction chamber 31, but its horizontal 
cross-sectional area and height may be formed 
greater than those of the reaction chamber 
31 . While passing through a space 19 and an 
intercylinder space 20 provided between the 

1 10 reaction chambers 32 and 33, the gas mix- 
ture is brought into contact with cooling tubes 
53 through which a cooling medium passes 
and is cooled to a predetermined temperature. 
The thus-cooled gas mixture passes through a 

1 1 5 space 21 and then enters the reaction cham- 
ber 33. This reaction chamber 33 has a 
vertical axis passing through the centre of the 
spherical outer shell and is a cylindrical reac- 
tion chamber provided with a tubular space 

1 20 23 along its vertical axis. The tubular space 
23 is used as a gas flow passage. The chemi- 
cal reaction of the feed gas is completed in 
the reaction chamber 33 and the resulting gas 
mixture, the temperature of which mixture has 

125 been raised again, travels through spaces 22, 
23 and enters the shell-side of the heat ex- 
changer 4 through an opening 24. As de- 
scribed above, the reaction gas mixture serves 
to preheat the feed gas in the heat exchanger 

1 30 4. As a result, it is cooled and flows out of the 
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reactor through an opening 25 and a gas 
outlet pipe 2. 

On the other hand, the pressure of the 
cooling medium is adjusted so as to obtain a 
5 desired boiling point. It is supplied, as a liquid 
of approximately its boiling temperature, to 
distributing headers 51, 61 and introduced 
into the reactor through tubes 52, 62. It then 
enters the cooling tubes 53, 63 and subjected 

1 0 to heat exchange with the gas mixtures dis- 
charged from the reaction chambers 32, 31 
while flowing through the tubes 53, 63, 
thereby cooling the gas mixtures and being 
partly evaporated into a vapour phase or a 

1 5 gas-liquid mixed phase. Thereafter, the cool- 
ing medium flows through tubes 54, 64 and 
enters a gas-liquid separator 70, where it is 
separated into vapour and liquid. The vapour 
is utilized for given purposes while the liquid 

20 is recycled to the distributing headers 51, 61 
by gravity or by means of a pump (not 
illustrated in the drawing). 

In the above embodiment, the cooling tubes 
53, 63 are both shown as coil-like heat trans- 

25 fer surfaces. They may individually be a coil 
formed of either a single tube or two or more 
tubes. These cooling tubes 53 or 63 may be 
arranged in either a single circle or two or 
more circles. Namely, the most important th- 

30 ing is to provide a heat transfer area required 
in accordance with each heat quantity which 
is subjected to heat exchange. Besides form- 
ing the cooling tubes into a coil, they may be 
formed by arranging a number of substantially 

35 vertical tubes in concentric circles as will be 
described later in this specification. 

Fig. 3 illustrates a spherical reactor pro- 
vided with a reaction chamber resembling a 
frustum of a cone and another reaction cham- 

40 ber resembling a hollow frustum of a cone 
(hereinafter called "a truncated intercone 
shape") and adapted to carry out an exother- 
mic reaction. The reaction gas mixtures are 
cooled by adding a low temperature feed gas 

45 into both reaction chambers. It should be 
noted that the drawing of Fig. 3 is simplified 
in order to show the arrangement of the 
reaction chambers and their configurations. In 
Fig. 3, numeral 31 is a truncated intercone 

50 reaction chamber having a vertical central axis 
which passes through the centre of the spheri- 
cal and pressure-resistant outer shell 3. The 
truncated intercone reaction chamber 31 is 
packed with a bed of a catalyst. On the other 

55 hand, designated at numeral 32 is a reaction 
chamber resembling a frustum of a cone and 
having a vertical axis which passes through 
the centre of the spherical and pressure-resis- 
tant outer shell 3. In this embodiment, the 

60 feed gas, which has been preheated to the 
working temperature of the catalyst, enters 
the reactor through a feed gas inlet 1 formed 
in an upper part of the reactor. It then passes 
through two or more gas flow passages 1 1 

65 provided radially and reaches a toroidal space 



1 2. It then enters the reaction chamber 31 . 
Owing to the contact of the feed gas with the 
catalyst in the reaction chamber, the reaction 
is partly proceeded and the gas temperature 
70 increases. Within the reaction chamber 31, 
there is provided a gas cooling system which 
is constructed of a gas spreader 80 communi- 
cating through a tube 71 with the outside of 
the reactor and adapted to spread and supply 
75 the low temperature feed gas evenly in a 
desired horizontal plane within the reaction 
chamber. Owing to the supply of a desired 
amount of the low temperature feed gas by 
means of the gas cooling system, the gas and 
80 catalyst temperatures are prevented from get- 
ting excessively high and the reaction is al- 
lowed to proceed further. Thus, the reaction 
gas mixture is again heated and is discharged 
from the reaction chamber 31 into a space 
85 13, where the reaction gas mixture is supplied 
with a fresh supply of the low temperature 
feed gas through another gas cooling system 
which is formed of a tube 72 extending to the 
outside of the reactor and a gas spreader 80 
80 communicated with the tube 72. After being 
mixed with the fresh supply of the feed gas, 
the resultant gas mixture has been cooled to a 
given temperature. Thereafter, the thus-cooled 
gas mixture travels through a space 14 
95 formed between the reaction chambers 31 
and 32 and enters via a space 1 5, the reac- 
tion chamber 32 where the reaction further 
proceeds. As a result of a progress of the 
reaction in the reaction chamber 32, the reac- 

1 00 tion gas mixture has been heated. Similar to 
the reaction chamber 31 , the thus-heated re- 
action gas mixture is mixed twice with fresh 
supplies of the low temperature feed gas 
which are respectively supplied from two gas 

105 spreaders 80 communicated respectively with 
tubes 73, 74. The reaction gas mixture has 
thus been cooled and the reaction has thus 
been completed. The resulting reaction gas 
mixture travels through a space 1 6 and reac- 

1 1 0 tion gas outlet 2 to the outside of the reactor. 
It is possible to recover heat from the reaction 
gas mixture flown out of the reactor, for 
example, by a waste-heat boiler. This part is 
however unillustrated in the drawing. Since 

1 1 5 the additional supply of the low temperature 
feed gas is effected for cooling the reaction 
gas mixture in each of the reaction chambers 
and in a space between both of the reaction 
chambers in this embodiment, more gas tends 

1 20 to pass as reaction chambers become closer to 
the downstream end. However, by using reac- 
tion chambers resembling a frustum of a cone 
or a truncated intercone shape and causing a 
gas to flow in a direction from the top of each 

1 25 chamber toward its bottom, the cross-sectional 
area of the gas flow passage increases as the 
gas flows downwardly. This prevents the flow 
velocity of the gas from getting faster in the 
reaction chamber and makes the pressure 

1 30 loss, which occurs due to the passage of the 
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gas, relatively small, thereby avoiding the 
conversion rate from lowering due to an in- 
crease in space velocity. 
Similarly, the cross-sectional area of the gas 
5 flow passage may be increased as reaction 
chambers become closer to the downstream 
end. This is effective to lower the flow velocity 
of the gas and thus to obtain further effects 
owing to a reduced pressure loss. In addition, 

1 0 the space velocity may be maintained at a 
suitable level by increasing the packed 
amount of the catalyst as reaction chambers 
become closer to the downstream end. 
In Fig. 4, there are provided a cylindrical 

15 reaction chamber 31 and another reaction 
chamber 32 for carrying out an exothermic 
reaction. The reaction chamber 32 is formed 
using a toroidal space defined by the circum- 
ferential wall of the former reaction chamber 

20 31 and the spherical wall of the pressure- 
resistant outer shell 3. The reaction chambers 
31, 32 share the same central axis. The gas is 
cooled, similar to the reactor shown in Fig. 3, 
by adding a low-temperature feed gas. How- 

25 ever, the preheating of the feed gas and 
cooling of a reaction gas mixture, which has 
not completely undergone the reaction, are 
effected in a shell-and-tube heat exchanger 4 
provided in an upper part of the spherical 

30 outer shell 3 by subjecting both gases to 
indirect heat exchange. In the drawing, the 
illustration is simplified in order to show the 
arrangement of the reaction chambers and 
their configurations. In Fig. 4, numeral 31 

35 indicates the cylindrical reaction chamber 
which has a vertical centra! axis passing 
through the centre of the spherical and pres- 
sure-resistant outer shell 3. On the other 
hand, numeral 32 is the toroidal reaction 

40 chamber which has a vertical central axis 
passing through the centre of the pressure- 
resistant outer shell 3 and is formed by the 
spherical wall of the outer shell 3 and a part 
of the outer side wall of the reaction chamber 

45 31. In the present embodiment, the feed gas, 
which has not been preheated to a sufficient 
level, enters through a tube 1 , travels via a 
space 1 1 formed in an upper part of a heat 
exchanger 4, and passes through a number of 

50 tubes of the heat exchanger 4. Here, the feed 
gas is subjected to indirect heat exchange 
with a reaction gas mixture of a high tempera- 
ture, which reaction gas mixture has been 
discharged from the reaction chamber 31, 

55 and is preheated to a desired temperature. 
Then, the thus-preheated feed gas enters a 
space 12 and then the reaction chamber 31, 
where it is brought into contact with a catalyst 
and its reaction proceeds to a certain extent. 

60 Thus, the temperature of the resulting gas 
mixture has been raised. In the reaction cham- 
ber 31, there is provided a gas cooling system 
formed of a gas spreader 80 which is commu- 
nicated through a tube 71 with the outside of 

65 the reactor and is adapted to spread a fresh 



supply of the low temperature feed gas evenly 
in a given horizontal plane within the reaction 
chamber. Owing to the provision of the gas 
cooling system, the temperatures of the reac- 

70 tion gas mixture and catalyst are prevented 
from getting excessively high by the addition 
of a desired amount of the low temperature 
feed gas. Thus, the reaction is allowed to 
proceed further and the resulting reaction gas 

75 mixture is again heated. The thus-heated reac- 
tion gas mixture is mixed twice with fresh 
supplies of the low temperature feed gas 
charged through two spreaders 80 which are 
respectively communicated with tubes 72, 73 

80 and is thus cooled. The thus-cooled reaction 
gas mixture thereafter leaves the reaction 
chamber 31, passes through spaces 13, 14, 
and enters the shell side of the heat ex- 
changer 4 v/aan opening 15. Here, the 

85 reaction gas mixture serves to preheat the 
feed gas and its temperature is correspondin- 
gly lowered to a predetermined level. The 
thus-cooled reaction gas mixture further tra- 
vels through spaces 16, 1 7, 1 8, and enters 

90 the reaction chamber 32. Its reaction further 
proceeds in the reaction chamber 32 and the 
resulting reaction gas mixture flows out of the 
reactor through a space 1 9 and outlet 2. in 
Fig. 4, the cross-sectional area of the gas flow 

95 passage in the reaction chamber 31 is identi- 
cal to that in the reaction chamber 32. How- 
ever, in the structure shown in Fig. 4, it is 
possible to form each of the reaction cham- 
bers into a frustum of a cone as shown in Fig. 
1 00 3 or a multi-staged cylindrical shape so as to 
change the cross-sectional area of its gas flow 
passage, thereby reducing the pressure loss 
and suitably controlling the reaction condi- 
tions. 

105 Fig. 5 illustrates a still further embodiment 
of this invention, in which the gas is caused 
to flow in the radial direction through an 
intercylinder reaction chamber 31 and another 
intercylinder reaction chamber 32 provided 

1 1 0 inside the reaction chamber 31 so as to 
undergo an exothermic reaction. Within the 
intercylinder reaction chamber 32, a plurality 
of cooling tubes 53 are vertically arranged in 
one or more concentric circles for allowing a 

1 1 5 cooling medium to pass therethrough. The 
feed gas, which has not been preheated, 
enters the reactor through a gas inlet 1 pro- 
vided in a lower part of the reactor. It then 
passes through a space 1 1 formed along the 

1 20 inner surface of the spherical and pressure- 
resistant outer shell 3. It thereafter flows into 
an upper compartment 1 2 of a shell-and-tube 
heat exchanger 4 which is provided in the 
central space of the reaction chamber 32. The 

1 25 feed gas passes through a plurality of tubes of 
the heat exchanger 4. Here, it is subjected to 
heat exchange with a reaction gas mixture of 
a high temperature which has completed the 
reaction, thereby preheated to a predeter- 

1 30 mined temperature. Thereafter, the thus-pre- 
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heated feed gas enters a lower compartment 
1 3 of the heat exchanger 4. The thus-pre- 
heated feed gas then enters a peripheral 
equalizer space 15 through the space 14 
5 within radially-arranged connector tubes, from 
which it flows in substantially horizontal and 
radial direction through the interior of the 
reaction chamber 31, in other words, from the 
outer circumferential part of the intercylinder 
10 reaction chamber 31 toward its central axis 
which extends through the centre of the 
spherical and pressure-resistant outer shell. 
Since the feed gas is brought into contact 
with the catalyst in the reaction chamber 31 , 
1 5 an exothermic reaction is induced and the 
resulting gas mixture is heated. Similar to the 
embodiment shown in Fig. 3, a fresh supply 
of the low temperature feed gas is introduced 
through a tube 7 1 from the outside of the 
20 reactor and dispersed by a gas spreader 80 
evenly in a cylindrical plane coaxial with the 
reaction chamber 31, thereby preventing the 
reacting gas mixture from getting too hot. The 
reaction gas mixture then flows out of the 
25 reaction chamber 31 and flows into an inter- 
cylinder equalizer space 1 6 provided between 
the reaction chamber 31 and the intercylinder 
reaction chamber 32 disposed inside the reac- 
tion chamber 31 . After tentatively held in the 
30 equalizer space 1 6, the reaction gas mixture 
flows into the intercylinder reaction chamber 
32 in substantially horizontal and radial direc- 
tion, namely, toward the central axis of the 
reactor. The reaction chamber 32 is longer in 
35 the vertical direction, compared with the reac- 
tion chamber 31. The reaction is again al- 
lowed to proceed. As mentioned above, the 
reaction chamber 32 is provided with the 
plurality of cooling tubes 53 arranged in con- 
40 centric circles. Owing to a cooling medium 
passing through the cooling tubes 53, the 
reaction heat developed in the reaction cham- 
ber 32 is suitably removed, thereby success- 
fully preventing the internal temperature of 
45 the reaction chamber 32 from becoming too 
high. In this embodiment the reaction cham- 
ber 32 is equipped with the above-described 
cooling system. This is because such a cool- 
ing system is capable of exhibiting a very big 
50 cooling power when a cooling medium, which 
for example has a desired boiling point at a 
suitable pressure, is caused to pass through 
the cooling tubes 53 while boiling. Further- 
more, by controlling the density of the ar- 
55 rangement of these cooling tubes in the reac- 
tion chamber 32, it is also possible to bring 
the temperature distributions in the catalyst 
bed and gas flow along the flowing direction 
of the gas through the reaction chamber 32 
60 (namely, in the radial direction) into confor- 
mity with desired temperature distributions 
which have been preset. It is important to 
suitably preset the gas temperature distribu- 
tion along the flowing direction of a gas in a 
65 catalyst bed in order to prevent the concentra- 



tion and yield of the reaction product from 
lowering due to a lowered reachable upper 
limit of the reaction, which is caused by 
chemical equilibratory phenomena frequently 
70 observed in exothermic reactions when gas 
temperatures are raised, or to obtain a given 
quantity of a reaction product while minimiz- 
ing the amount of the catalyst required there- 
for. The reaction gas mixture, which has radi- 
75 ally passed through the reaction chamber 32 
after completing its reaction and is still hot, 
flows out into an intercylinder space 1 7 be- 
tween the heat exchanger 4 and reaction 
chamber 32. Afer that, it flows into the shell 
80 side of the heat exchanger 4 from a lower part 
thereof and serves, as described above, to 
preheat the feed gas. Then, it flows out of the 
reactor through the gas outlet 2. 
On the other hand, the cooling medium is 
85 introduced at a desired pressure as a liquid of 
its boiling point into the reactor from the 
outside of the reactor by means of a tube 51 . 
Thereafter, it is distributed into a plurality of 
cooling tubes 53 by one or more toroidal 
90 distributing headers 52 which are in commu- 
nication with the tube 51 . It then passes as 
ascending flows through the cooling tubes 53 
while boiling and gathers into one or more 
toroidal collecting tubes 54. It then flows via 
95 a tube 55 into a gas-liquid separator 70 
provided outside the reactor. In the gas-liquid 
separator 70, the cooling medium is sepa- 
rated into liquid and vapour. The vapour is 
guided through a tube 56 for a given purpose 
1 00 while the liquid is recycled, without being 
cooled, to the tube 51 by its gravity or by 
means of a pump. This part is not shown in 
the drawing. In the illustrated reactor, the 
weights of the reaction chambers are sus- 
105 pended by means of turnbuckles 91 provided 
at upper parts of the reactor. This structure is 
more advantageous from the viewpoints of 
thermal stress and strength, compared with 
supporting these reaction chambers at their 
1 1 0 bottoms. 

Fig. 6 illustrates a still further embodiment 
of this invention, which makes use of heat 
exchangers installed outside the reactor. In 
the illustrated embodiment, the reactor is 
1 1 5 equipped with two intercylinder reaction 

chambers 31, 32 and one cylindrical reaction 
chamber 33, all of which chambers have a 
common axis extending along a line that 
passes through the centre of the reactor. The 
120 reaction chambers 31, 32, 33 are respectively 
divided into two equal halves which are re- 
spectively isolated in two hemispheres divided 
by a plane extending through the centre of 
the spherical reactor and perpendicular to the 
1 25 above-described common axis. The thus-div- 
ided independent reaction chambers are re- 
spectively indicated by numerals 31 a and 
31b; 32a and 32b; and 33a and 33b. Toroi- 
dal spaces 1 3 and 1 7 are respectively formed 
1 30 as gas flow passages between the reaction 
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chambers 31 a and 31 b and between the 
reaction chambers 32a and 32b. On the other 
hand, a disc-shaped space 20 is interposed 
between the reaction chambers 33a and 33b. 
5 A preheated feed gas is introduced into the 
reactor through the inlet 1 of a double-walled 
tube and, first of all, enters a space 1 1 . From 
this space 1 1 , the flow of the feed gas is 
divided approximately into two equal portions. 
1 0 One of the flows, namely, the flow a passes 
through a clearance formed between the reac- 
tion chamber 31 a and the inner surface of the 
spherical and pressure-resistant outer shell as 
indicated by the arrow and flows, through a 
15 toroidal space 12a into the reaction chamber 
31 a. The other flow b passes through a 
clearance formed between the reaction cham- 
ber 31 b and the inner surface of the spherical 
and pressure-resistant outer shell as indicated 
20 by the arrow and flows, via a toroidal space 
1 2b, into the reaction chamber 31b. The feed 
gas,'which has entered the reaction chambers 
31 a and 31 b, is caused to undergo a chemi- 
cal reaction in both of the reaction chambers. 
25 The resulting reaction gas mixtures, which 
have been heated where the reaction is an 
exothermic reaction or have been cooled 
where the reaction is an endothermic reaction, 
are then merged and caused to flow into the 
30 space 1 3. The thus-merged reaction gas mix- 
ture passes through the space 1 4 and flows 
into an indirect heat exchanger 8 provided 
outside the reactor. Its temperature is then 
adjusted owing to a heat exchange which 
35 occurs between the reaction gas mixture and 
a fluid of a desired temperature, which fluid 
flows in through a tube 81 a and flows out 
through a tube 81b. Namely, the reaction gas 
mixture is cooled where its temperature, after 
40 being merged in the space 1 3, is excessively 
higher than an appropriate temperature for a 
catalyst bed disposed right after the heat 
exchanger 8. On the contrary, where its tem- 
perature is excessively low, it is heated to a 
45 desired temperature. The resulting stream of 
the reaction gas mixture, the temperature of 
which mixture has been adjusted, is again 
divided into approximately two equal halves. 
One of the flows, namely, the flow a passes 
50 through a tube 1 5a and flows, via a toroidal 
space 16a, into the reaction chamber 32a, 
while the other flow b passes through a tube 
15b and flows, via a toroidal space 16b, into 
the reaction chamber 32b. The chemical reac- 
55 tion is again induced in each of the reaction 
chambers 32a and 32b. The temperature of 
the reaction gas mixture increases when the 
reaction is an exothermic reaction but drops 
when the reaction is an endothermic reaction. 
60 After passing through the reaction chambers 
32a and 32b, the resultant reaction gas mix- 
tures flow into the toroidal space 17, where 
they are combined together. The thus-merged 
reaction gas mixture flows into another heat 
65 exchanger 9 through a space 18. In the heat 



exchanger 9, the temperature of the reaction 
gas mixture is adjusted in the same manner as 
described above and then divided into approx- 
imately two equal halves, which flow, respec- 
70 tively, via tubes 1 9a and 19b into the reac- 
tion chambers 33a and 33b. The reaction gas 
mixtures, which have respectively flown into 
the reaction chambers 33a and 33b, undergo 
a chemical reaction again, thereby changing 
75 their temperatures. After completion of the 
chemical reaction, they are again merged in 
the space 20 and then discharged from the 
reactor through an outlet 2 for the reaction 
gas mixture. This outlet 2 is provided through 
80 the pressure-resistant outer shell 3 in a direc- 
tion perpendicular to the drawing sheet. The 
gas, which has flown out of the reactor 
through the outlet 2, is still hot and heat may 
be recovered from the thus-discharged gas. 
85 However, this part is not shown in the draw- 
ing. In the illustrated embodiment, the pres- 
sure loss is reduced by dividing each of the 
intercylinder and cylindrical reaction chambers 
into two halves and using them in parallel. 
90 Owing to the above constitution, the pressure- 
resistant outer shell can be maintained at 
relatively lower temperatures even if it is used 
for an exothermic reaction. 

In the above embodiment, the central axis 
95 common to each of the reaction chambers 
extends vertically. The reactor may however 
be used without encountering any problems 
or inconveniences even it this common axis 
extends horizontally or aslant, provided that 
1 00 the position of each gas-permeable catalyst 
support is suitably adjusted. The chemical 
reaction may be either exothermic or endoth- 
ermic reaction as described above. In addi- 
tion, the same catalyst may be used as cata- 
105 lysts to be packed in the reaction chambers 
31, 32 and 33 in order to carry out the same 
chemical reaction in each of the reaction 
chambers. It is also possible, also for carrying 
out the same chemical reaction in each of the 
1 1 0 reaction chambers, to use different catalysts 
which are adapted to induce the same chemi- 
cal reaction but are different in temperature 
characteristics, optimum space velocity and 
the like. It is also possible to carry out three 
1 1 5 different chemical reactions, which are re- 
quired to effect as two-stage or three-stage 
chemical reactions using two or three reactors 
when conventional reactors are relied upon, 
substantially as a single stage reaction, as 
1 20 described above, by packing different cata- 
lysts in the reaction chambers 31, 32, 33 to 
induce the different chemical reactions therein 
and causing the feed gas and reaction gas 
mixtures, the temperatures of which gas and 
125 gas mixtures have been adjusted to tempera- 
tures suitable for the different catalysts respec- 
tively, to pass successively through the beds 
of the different catalysts. The different chemi- 
cal reactions may include one or more exoth- 
1 30 ermic reactions and endothermic reactions in 
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combination. Upon carrying out such different 
chemical reactions, it is preferred to use a 
heat-insulative material for each partition wall 
interposed between each two adjacent reac- 

5 tion chambers where the temperature of one 
reaction chamber is considerably different 
from that of another reaction chamber. In 
addition, it is also possible to carry out in the 
reaction chamber 33 a chemical reaction, 

10 which is different from that carried out in the 
other two reaction chambers if desired, by 
additionally supplying through an additional 
gas feeding port 10 another feed gas which is 
different from the feed gas supplied through 

15 the gas inlet 1 . On the other hand, it may be 
possible to interpose, between the space 1 8 
and heat exchanger 9, means for separating 
and removing a certain reaction product from 
those occurred in the reaction chambers 31, 

20 32. 

As an example of carrying out such differ- 
ent chemical reactions, may be mentioned to 
synthesize methanol from hydrogen gas and 
carbon oxide and subsequently to obtain syn- 

25 thetically hydrocarbons from the thus-synthe- 
sized methanol. Namely, a high pressure feed 
gas rich in hydrogen gas and the carbon oxide 
is supplied through the feed gas inlet 1 . 
Using a known methanol synthesis catalyst 

30 (for example, that containing chromium, cop- 
per, zinc and /or the like) in both of the 
reaction chambers 31 and 32, the feed gas is 
converted at the pressure of 100 kg/cm 2 and 
temperature of about 300*C into a gas mix- 

35 ture consisting of methanol, hydrogen gas 
and the carbon oxide. By causing the thus- 
obtained gas mixture without separating meth- 
anol from the unreacted raw materials but 
after adjusting its temperature to 350°C or so 

40 by the heat exchanger 9 into the reaction 
chamber 33 which contains a zeolite catalyst, 
methanol can be converted into hydrocarbons. 
Unreacted hydrogen gas and carbon oxide 
are, after separating methanol and hydrocar- 

45 bons out from the reaction gas mixture, are 
recirculated to the feed gas inlet 1 , while 
methanol, which has not been converted into 
hydrocarbons, is returned to the additional 
raw material feeding port 1 0 and then intro- 

50 duced back into the reaction chamber 33 as 
vapour or liquid after separating it from hydro- 
carbons. 

A number of merits can be brought about, 
as mentioned above, by the reactor according 

55 to this invention and the method of its use. In 
summary, the first merit relates to the reactor. 
Namely, the present invention enables to 
make the wall thickness of the pressure-resis- 
tant outer shell of the reactor and correspon- 

60 dingly to reduce the weight of the reactor 
while still allowing to pack the same amount 
of a catalyst. Owing to this merit, it is possible 
to save the steel material for the fabrication of 
a reactor and to fabricate the reactor per se 

65 with a lower cost. In addition, it is also 



feasible to make the foundation, support, pip- 
ings and the like, which are required for the 
installation of the reactor according to this 
invention, smaller or shorter. Accordingly, the 

70 overall construction cost of the reactor can be 
cut down. This merit becomes remarkable, 
particularly, the reactor is a high pressure 
reactor of a large capacity. The second merit 
of this invention pertains to the method of 

75 carrying out a reaction. Since the reactor 
according to this invention is equipped with 
two or more of the above-described reaction 
chambers, which are of a cylindrical, intercyl- 
inder, truncated conical or truncated intercone 

80 shape and are different in the cross sectional 
area perpendicular to the passing direction of 
a gas therethrough and the amount of a 
catalyst packed therein, these reaction cham- 
bers having different configurations may be 

85 suitably designed at will in accordance with 
the nature of chemical reactions carried out 
therein and the characteristics of catalyst 
packed therein. Namely, when carrying out a 
single chemical reaction at the same space 

90 velocity (particularly in a large reactor), a 
cylindrical reactor is required to be very thin 
but very long. If a gas is passed in the axial 
direction of the cylinder, the channelling of 
the gas in the catalyst bed can be minimized. 

95 However, this leads to a very fast flow velo- 
city, resulting in an increased pressure loss. 
On the contrary, when the gas is passed in 
the radial direction with a view toward making 
the pressure loss smaller, the flow velocity 

1 00 becomes uneven along the long axis of the 
cylindrical reactor. However, when a spherical 
reactor is employed as in the present inven- 
tion, each of its internal reaction chambers is 
formed into a shape having a small diameter- 

1 05 to-height ratio, in other words, is thick and 
short. Accordingly, the reactor according to 
this invention does not develop the channell- 
ing problem and can be used as a reactor 
featuring a small pressure loss. 

110 The above merit can also bring about a 

favourable effect for prolonging the service life 
of a catalyst. The prolonged service life of a 
catalyst has been derived from two reasons 
which are different in principle. The first rea- 

1 1 5 son may be explained, for example, with 
reference to a reaction accompanied by a 
generation of large heat such as the synthesis 
of methanol from hydrogen gas and carbon 
oxide. In reactions of the above sort, when a 

1 20 gas is caused to pass through each of catalyst 
beds at a uniform flow velocity which is the 
average flow velocity of the flow velocities 
suitable respectively to all the catalysts, a 
violent exothermic reaction generally takes 

1 25 place at the catalyst to which the feed gas is 
first brought into contact since the concentra- 
tion of a reaction product is still low there. 
Such a violent exothermic reaction makes the 
catalyst excessively hot, thereby developing 

1 30 the thermal deterioration phenomenon as to 
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the activity of the catalyst. This phenomenon 
can be avoided by passing the gas at a high 
velocity through the catalyst bed. If one wants 
to use a cylindrical reactor for carrying out a 
5 reaction of the above-described type without 
developing the phenomenon, it becomes 
necessary to increase the length of the reactor 
when the gas is fed as an axial flow or to 
leave one or more useless spaces in the 

1 0 reactor when the gas is passed as a radial 
flow. If the length of the reactor is increased 
as mentioned above, the pressure loss will 
become greater. Accordingly, neither the for- 
mer nor the latter measure is practical. Con- 

1 5 trary to this, it is easy to form small short and 
thick reaction chambers in a reactor without 
increasing the useless space therein, when the 
present invention is incorporated. Therefore, 
the above-described phenomenon can be suc- 

20 cessfully avoided. The second reason for the 
prolonged service life of the catalyst is found 
under the following situation. Where a feed 
gas contains a trace amount of a substance 
poisonous to the catalyst as described above, 

25 a small space enclosing a bed of the catalyst 
(i.e., a reaction chamber), to which the feed 
gas is brought into contact at first, may be 
formed in such a structure that it is suffici- 
ently isolated from other reaction chambers 

30 and spaces for a heat exchanger and cooling 
system in the reactor. If these reaction cham- 
bers are connected by means of pipings which 
are provided outside the spherical reactor and 
equipped with valves, it becomes possible, 

35 when the catalyst contacted first with the feed 
gas has been poisoned, to isolate the reaction 
chamber containing the thus-poisoned catalyst 
from the other reaction chambers by suitably 
operating the valves and to replace the thus- 

40 poisoned catalyst with a fresh supply of the 
catalyst, thereby prolonging the service life of 
the remaining catalyst, i.e., the majority of the 
catalyst. 

The third merit of this invention relates to 

45 the utilization method of the reactor according 
to this invention. As has already been men- 
tioned in the description of the embodiment 
shown in Fig. 6, the reactor of this invention 
can be used to carry out two or more different 

50 chemical reactions which take place at the 
same pressure and the same or different tem- 
peratures. Although the reactor according to 
this invention may be used as a reactor for 
parallelly carrying out two or more chemical 

55 reactions which are not correlated, the use of 
the reactor according to this invention gener- 
ally makes it possible to carry out two or more 
chemical reactions substantially as a single 
step reaction so as to obtain a final reaction 

60 product from raw materials by effecting the 
two or more chemical reactions successively 
one after another. Thus, the method of this 
invention is suitable for decreasing the num- 
ber of reactors. 

65 The reactor according to this invention is 



suitable as a reactor for obtaining at pressures 
above 5 kg/cm 2 a gaseous reaction product 
from gaseous raw materials and the above- 
described merits become greater as the reac- 

70 tion pressure increases and the internal vol- 
ume of each reactor becomes larger. As 
chemical reactions preferably carried out using 
the reactor according to this invention, the 
following reactions may be mentioned: syn- 

75 thesis reaction of ammonia from a gas con- 
taining hydrogen gas and nitrogen gas; syn- 
thesis reactions of aliphatic monohydric alco- 
hols such as methanol, ethanol, propanols 
and butanols from a gas containing hydrogen 

80 gas and a carbon oxide; direct synthesis reac- 
tion of hydrocarbons from a gas containing 
hydrogen gas and a carbon oxide (i.e., the so- 
called Fischer-Tropsch synthesis); synthesis 
processes including synthesizing aliphatic mo- 

85 nohydric alcohols from a gas containing hy- 
drogen gas and carbon oxide and then con- 
verting the thus-obtained aliphatic monohydric 
alcohols into hydrocarbons; reaction for con- 
verting a gas containing steam and carbon 

90 monoxide into another gas containing hydro- 
gen gas and carbon dioxide; reaction for con- 
verting a gas containing one or more hydro- 
carbons such as methane and/or naphtha and 
steam into another gas containing hydrogen 

95 gas and a carbon oxide; and reaction for 
synthesizing saturated hydrocarbons from a 
gas containing one or more unsaturated hy- 
drogen gas and hydrogen gas. The above 
reactions and processes are principal ex- 
100 amples. 

When carrying out these chemical reac- 
tions, reaction conditions such as tempera- 
ture, pressure and space velocity vary from 
one reaction to another in accordance with the 
105 kinds of reactions, the characteristics of cata- 
lysts to be used, etc. However, it is generally 
feasible to carry out such reactions under 
substantially the same conditions as those 
well-known for conventional cylindrical reac- 
1 1 0 tors. 

Furthermore, known gas spreaders, heat 
exchangers and gas-permeable catalyst sup- 
ports may be used as the spreaders for sup- 
plying a low temperature feed gas upon cool- 

1 15 ing the catalysts and gases in the reactor 
according to this invention, the various heat 
exchangers and gas-permeable catalyst sup- 
ports. As cooling media useful for cooling 
catalysts and reaction gas mixtures, which 

1 20 have not gotten through their reactions, in 
accordance with the indirect heat exchanging 
method, may be mentioned as preferred ex- 
amples water, the pressure of which has been 
adjusted so that it boils at a desired tempera- 

1 25 ture; one of hydrocarbons which are liquid at 
room temperature, or a mixture of at least two 
of such hydrocarbons; a heat transfer medium 
such as "DOWNTHERM" (trade mark; pro- 
duct of the Dow Chemical Company). How- 

130 ever, gaseous cooling media or other cooling 
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liquid media may be sufficiently employed in 
some instances. 

Having now fully described the invention, it 
will be apparent to one of ordinary skill in the 
5 art that many changes and modifications can 
be made thereto without departing from the 
spirit or scope of the invention as set forth 
herein. 

10 CLAIMS 

1 . A reactor adapted to bring a feed gas 
into contact with a fixed bed of a granular 
catalyst under elevated pressures so that the 
feed gas is caused to undergo a chemical 

1 5 reaction and a gaseous reaction product is 
thus obtained, said reactor comprising a pres- 
sure-resistant outer shell and at least two 
reaction chambers enclosed within the outer 
shell, the outer shell being either (a) a sphere 

20 or a spheroid formed of a cylinder having a 
length equal to or shorter than the three 
quarters of its diameter and hemispherical end 
plates having the same diameter as the cylin- 
der and provided at both ends of the cylinder 

25 or (b) another sphere or spheroid having the 
same configurations as the former sphere or 
spheroid and provided with at least one cylin- 
drical protrusion which covers a quarter of the 
overall surface area of the latter sphere or 

30 spheroid or less; and the reaction chambers 
being of cylindrical, intercylinder, truncated 
conical and/or truncated intercone shapes an- 
d/or shapes defined respectively between 
parts or the entire parts of the outer surfaces 

35 of the cylindrical, intercylinder, truncated coni- 
cal or truncated intercone shapes and the 
inner surface of the outer shell and having 
annular cross-sections when taken along 
planes perpendicular to the axes thereof and 

40 being arranged in such relationship that the 
reaction chamber having a smaller outer dia- 
meter is present inside the reaction chamber 
having a greater inner diameter. 

2. A reactor according to claim 1 , wherein 
45 said reactor further comprises at least one.o* 

bent tube extending through the spherical 
wall or spheroidal wall of the pressure resis- 
tant outer shell and a division wall dividing 
the interior space of the reactor so as to 

50 communicate the thus-divided interior space 
of the reactor with the exterior of the reactor; 
and the bent tube is positioned, between the 
outer shell and division wall, within a space in 
the proximity of the inner surface of the 

55 spherical or spheroidal wall of the outer shell. 

3. A reactor according to claim 1 or 2, 
wherein (a) the reaction chambers are indivi- 
dually of an intercylinder shape and disposed 
upright, (b) said reactor further comprises an 

60 equalizer space provided between each two 
adjacent reaction chambers and (c) a multipli- 
city of cooling tubes are arranged within at 
least one of the reaction chambers, in at least 
two concentric circles and parallel to the axis 

65 of the reaction chamber; whereby causing the 



feed gas to flow radially and successively 
through each of the reaction chambers and 
allowing a cooling medium to flow upwardly 
at a desired pressure as a boiling gas-liquid 

70 mixed phase through the cooling tubes. 
4. A reactor according to any one of 
claims 1 to 3, wherein the outer shell is a 
sphere or spheroid provided with at least one 
cylindrical protrusion; and within at least one 

75 of said cylindrical protrusions an indirect heat 
exchanger is provided so as to preheat the 
feed gas with a high-temperature gas occurred 
in the course of the reaction or after comple- 
tion of the reaction. 

80 5. A method of bringing a feed gas into 
contact with a fixed bed of a granular catalyst 
under elevated pressures so that the feed gas 
is caused to undergo a chemical reaction and 
a gaseous reaction product is thus obtained, 

85 characterised in that the reaction is proceeded 
by using the reactor according to claim 1 and 
causing the feed gas to pass successively 
through at least two reaction chambers in the 
reactor. 

90 6. A reactor adapted to bring a feed gas 
into contact with a fixed bed of a granular 
catalyst under elevated pressures so that the 
feed gas is caused to undergo a chemical 
reaction and a gaseous reaction product is 

95 thus obtained, substantially as hereinbefore 
described with reference to, and as shown in, 
the accompanying drawings. 
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